Background: Caudal analgesia is a common method for postoperative pain management in pediatric patients. Additive agents
Background
If acute pain is left untreated or not treated properly, it can progress to chronic pain. There is a large amount of evidence for the use of multi-modal approaches to counteract pain in the pediatric population (1) . Caudal analgesia has been widely used as a pain management modality in a variety of pediatric operations (2) . Bupivacaine is a long-acting reliable local anesthetic agent that is used as a caudal analgesic, but different auxiliary agents need to be co-administered to improve its analgesic efficient (3, 4) . Single shots of a combination of local anesthetics, such as ketamine, midazolam, neostigmine, adrenaline, opioids, clonidine and, recently, dexmedetomidine, have been used (5) . Opioids are effective analgesic agents, but they are associated with respiratory depression, itching, urinary bladder dysfunction, nausea and vomiting (6) . Clonidine and dexmedetomidine are both α 2 adrenergic receptor agonists, but dexmedetomidine has eight times stronger receptor affinity than clonidine. Dexmedetomidine has sedative, hypnotic, anxiolytic, analgesic, anesthetic-sparing and sympatholytic effects and does not have any adverse effects on respiratory or cardiovascular functions (7) . induced caudal analgesia.
Methods
This randomized, double-blind clinical trial included children aged 1 to 5 years who were admitted to the operating room for elective inguinal hernia repair. According to the tenets of the Declaration of Helsinki, the written informed consent of their parents was obtained prior to the intervention.
One-sided analysis of variance of the mean values from a previous study was used to calculate the sample size for the present study (8) , with α = 0.05, β = 0.1, σ = √ MSE = 1/1, µ 1 = 2.5, µ 2 = 2.5, and µ 3 = 1.25. The calculated λ resulted in a non-central distribution with χ 2 equal to 12.66 and the number of cases in each group (∆) equal to 16. The number of patients who were likely to drop out was calculated to be 20 in each group (NCSS software).
The study was a double-blind randomized one (Random Allocation Software, version 1.0.0). A total of 81 patients were enrolled in the study and 20 were excluded (the flow chart for patient selection is shown in Figure 1 ). Children with cardiopulmonary congenital anomalies, a history of drug allergy to the drugs used, contraindications for caudal block, and ASA class > I were excluded.
No premedication was administered to the children. Anesthesia was induced through inhalation of 50% oxygen/50% nitrous oxide and sevoflurane (7% every four successive breaths). This was followed by intravenous administration of atracurium (0.5 mg/kg) and endotracheal intubation. The child was placed in the lateral position, and the caudal area was prepared and sterilized. A 23-gauge needle was inserted in the sacral hiatus area by an experienced anesthesiologist. The children were randomly assigned to one of the following groups: the bupivacaine group (Group B), in which 1 mL/kg of 0.25% bupivacaine was administered (Marcaine Spinal 0.5% Heavy, AstraZeneca, Horizon Place, 600 Capability Green, Luton, Bedfordshire, LU1 3LU); the bupivacaine-dexmedetomidine group (Group BD), in which 1 mL/kg of 0.25% bupivacaine and 2 µg/kg dexmedetomidine were administered (Precedex®; Hospira, Lake Forest, Illinois, USA); and the bupivacaine-fentanyl group (Group BF), in which 1 mL/kg of 0.25% bupivacaine and 2 µg/kg fentanyl were administered (fentanyl citrate; Caspian Tamin Pharmaceutical Co., Rasht-Iran). All solutions were prepared from 0.5% bupivacaine to which distilled water was added to prepare the 0.25% solution. Anesthesia was maintained with sevoflurane (MAC 2.0% -2.6%, age adjusted) throughout the operation. Data were collected by an anesthesiology resident, who was blinded to the type of caudal analgesic solution administered. The hemodynamic indices (heart rate (HR) and systolic blood pressure) were maintained in the 20% pre-induction range. If the value of the indices exceeded this range, the analgesics administered were considered to be insufficient and an intravenous dose of 1 µg/kg fentanyl was administered. Moreover, the patient was excluded from the study. The hemodynamic variables (HR, systolic blood pressure (SBP), respiratory rate, and peripheral arterial oxygen saturation) were measured before and every 5, 10 and 15 minutes after the analgesics were administered; every 5 minutes during the operation; and every 15 minutes in the recovery room. Ringer's solution was administered at a dosage of 4 -6 mL × kg -1 × h -1 perioperatively. On completion of the surgery and reversal of the effects of the neuromuscular blocking agents, the patients were evaluated in the recovery room and surgical ward (for 24 hours) by the anesthesiology resident in charge of the study. The scores for pain, sedation and motor block were determined at 30 and 60 minutes and the 1st, 2nd, 4th, 6th, 12th and 24th h after the operation. The Persian version of the face pain scale-revised (FPS-R) tool, scored on a scale of 0, 2, 4, 6, 8, and 10, was used to measure pain (9) . If the pain score was equal to or more than 4, a rescue analgesic agent (meperidine, 1 mg/kg) was administered.
The level of sedation was measured at the same time points as mentioned above with the University of Michigan sedation scale (UMSS) (0 = awake and conscious, 1 = mild sedation, 2 = moderate sedation, 3 = deep sedation, 4 = no response) (10) .
The level of motor block was assessed by the modified Bromage score (MBS) with 0 = free movement, 1 = only able to bend the knees and move the feet, 2 = unable to bend the knees but moves feet, and 3 = unable to move the feet (11) .
The patients were also assessed at the above time points for adverse events such as nausea and vomiting, pruritis, hypotension (SBP < 70 + age × 2), bradycardia (HR < 100/min for 1-year-old patients, and HR < 95/minutes for 2-to 5-year-old patients), urinary retention (inability to voluntarily empty the bladder for more than 12 hours, with urine volume greater than that expected for the patient age ((age in years + 2) × 30 cc), or a palpably distended bladder) and respiratory depression (respiratory rate less than 10). The postoperative recordings included the duration of surgery, time of first analgesia administration, and occurrence and treatment of postoperative nausea and vomiting (PONV) and pruritus. PONV and pruritis were treated by intravenous administration of 0.1 mg/kg ondansetron in the form of a slow bolus injection.
Statistical Analysis
The Kolmogorov-Smirnov Z test was used to analyze the equality of the distributive functions of the variables. A one-way analysis of variance (ANOVA) and a generalized linear model repeated-measure ANOVA were used to analyze the parametric variables. For non-parametric variables (pain sedation scores and duration of surgery), the Kruskal-Wallis test, Friedman Test and chi-square test were applied. Later, Bonferroni post-hoc analysis was used to analyze the difference between groups. P values < 0.05 were considered to indicate statistical significance.
Ethics Statement
This study was approved by the deputy for research and medical ethics committee of Hormozgan University of Medical Sciences (4-HEC-93-7-8) and registered with the Iranian registry of clinical trials (IRCT2015110318091N6).
Results
A total of 61 patients were analyzed, of whom 56 (91.8%) were boys and 5 (8.2%) were girls. However, no significant relationship was found between gender and the groups in the study. The other demographic data (age, height and weight) were not significantly different between the groups (Table 1) .
Pain
There was no significant difference in the mean postoperative pain scores between different time points in each group. However, the mean pain scores were significantly different between the three groups at all time points (P < 0.001), with the subsequent Bonferroni test indicating a significant difference between group B and BD (P < 0.001) and between group B and BF (P < 0.001). The lowest mean scores were observed in the BD group. In the 1st, 2nd and 4th h after the operation, the mean pain scores were significantly lower in the BD group than in the BF group (P < 0.001). However, in the following hours (6th, 12th and 24th), the mean pain scores in the BD group were lower but not significantly different from those in the BF group (Figure 2) .
Sedation
There was a significant difference in the mean sedation scores between different postoperative time points in each group. There was also a significant difference between the groups with regard to the mean sedation scores (P < 0.001) 
Motor Block
Motor block was not detected in any of the patients after the operation.
Analgesic Requirement
The incidence of pain was generally low in patients of both groups, except for three patients aged between 12 and 19 months in the bupivacaine group: two 1-year-old children and one 1.5-year-old child. In the 1-year-old children, the first episode of pain occurred at 6 hours after caudal block initiation, and in the 1.5-year-old child, it occurred at 2 hours after caudal block initiation.
Side Effects
No side effects, such as nausea and vomiting, respiratory depression, pruritis, bradycardia, hypotension, and urinary retention, occurred in any of the study groups.
Duration of Surgery
The duration of surgery was longer in the BF group, but it was not significantly different from that in the other groups (Table 1).   4 Anesth Pain Med. 2016; 6(5):e39495.
Discussion
The use of caudal analgesics is popular in pediatric operations (12); however, a single shot of one analgesic agent alone may not be sufficient to induce prolonged analgesia, so many multiple modalities have been introduced. The use of caudal catheters in children may affect postoperative mobility or carry the risk of an infection (13) . Therefore, it would be beneficial to use a multimodal method with a block solution that has prolonged analgesic effects and does not have any adverse effects on the perioperative vital conditions of the patient.
The aim of our study was to determine the effect of adding other analgesic agents (dexmedetomidine and fentanyl) to a bupivacaine solution for caudal block. The results revealed a significant difference in the efficacy of the drug solution containing additives and bupivacaine alone.
An ideal sedative agent is a one that has the least cardiovascular (e.g., hypotension) and respiratory (e.g., apnea) side effects. In this study, the effects of administering dexmedetomidine and fentanyl as additional sedatives along with bupivacaine were studied. Dexmedetomidine has a dual effect as an α 2 adrenergic agonist and an α 1 adrenergic antagonist that acts on the arterial vascular system (7). α 2 adrenergic stimulation of the brain and spinal cord is associated with sedative, analgesic, anxiolytic and sympatholytic effects. Unlike other sedative agents, the effects of dexmedetomidine can be easily reversed with slight stimulation and no untoward effects on respiratory functions. Further, it has been reported that dexmedetomidine does not cause respiratory depression even at high doses (7) . Fentanyl belongs to the same group of opioids as phenyl piperidine; it is a potent short-acting opioid that affects different opioid receptors and may have dose-related side effects such as respiratory depression, pruritis and nausea and vomiting (6) .
The analgesic effect of α 2 agonists is unique as they act on peripheral tissues as well as the brain, brainstem and spinal cord. The locus coeruleus is a pivotal supraspinal site of action for α 2 -adrenergic and opioid agents. The effect of these agents on the spinal cord is brought about via activation of the descending medullospinal noradrenergic pathway and presynaptic ganglionic block, which attenuates spinal sympathetic outflow (14) .
In a study by Shukla et al. the postoperative analgesic effects of 1 mL/kg 0.25% ropivacaine + 2 µg/kg clonidine were compared to those of 1 mL/kg 0.25% ropivacaine + 1 µg/kg fentanyl: the co-administration of fentanyl was associated with significantly more complications such as respiratory depression, vomiting, and bradycardia (15) . Opioids such as fentanyl can migrate through the cerebral spinal fluid to reach chemo-receptors in the brain stem. In particular, in the case of lipophilic opioids such as fentanyl and sufentanil, early respiratory depression may occur during the first 30 minutes after injection and may last for 2 hours (6). In our study, the overall pain scores were in the lower range. The pain scores were generally lower with dexmedetomidine throughout the study, but the difference compared to the other treatments was only significant in the early phase of the postoperative period. Despite this, the results did not definitively indicate the superiority of dexmedetomidine over fentanyl in preventing postoperative pain.
A study by Gaitini et al. showed that administration of 1 µg/kg fentanyl with 2% lidocaine for caudal epidural block was not beneficial for preventing postoperative pain after circumcision in children (16) . However, in our study, the bupivacaine-fentanyl group had significantly better analgesia scores than the bupivacaine only group. This may be related to the difference in the type of local anesthetic used as well as the higher dosage of fentanyl (2 µg/kg) used in our research. In our study, pain relief was observed earlier in the postoperative course in the BD group than in the BF group: this is probably because caudal application of dexmedetomidine had better analgesic effects than caudal application of fentanyl.
The pharmacokinetics of bupivacaine after induction of caudal anesthesia in children administered 2.5 mg/kg of bupivacaine has been studied by Mazoit et al.: the serum levels were found to be in the range of 0.5 -1.9 µg/mL, with the peak plasma levels observed 10 -60 minutes after administration (17) . However, the peak levels of caudal dexmedetomidine have not been defined yet. After intravenous administration of dexmedetomidine, the onset time of anesthesia is at 15 minutes after administration, and the peak concentration is attained in approximately an hour under continuous infusion. Further, the terminal half-life of dexmedetomidine is 2 -3 hours (18) . In a study by Koroglu et al. the onset of sedation after intravenous administration of dexmedetomidine was observed at 19 minutes (19) .
In a study by She et al. the effective onset times for caudally applied 0.20% levobupivacaine with 2 µg/kg dexmedetomidine were 9.91 min (8.55 -11.28, 50% confidence interval) and 16.39 min (13.32 -19 .46, 95% confidence interval). The mean duration of analgesia in these children was 19.6 hours (range, 8 -24 hours) (20) . The duration of analgesia reported by them is similar to the values in this study, but we did not measure the onset time because it was during the operation. However, we did measure the peak effect time during the recovery phase, which has not been reported by any other study.
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Addition of dexmedetomidine along with levobupivacaine prolongs the duration of analgesia during caudal block in children (20) . Epidural dexmedetomidine inhibits the propagation of C-fiber impulses, which affects the hyperpolarization of postsynaptic dorsal neurons. The synergistic effect of dexmedetomidine and local anesthetics produces a blocking effect in the Aδ and C fibers, which lowers the absorption of local anesthetics and hampers the sympathetic system, leaving the cholinergic system uninhibited. Although dexmedetomidine is involved in these complex mechanisms, the concentration of the local anesthetic administered may have an important effect on the pharmacokinetics of the analgesic (20) .
The average duration of anesthesia was 58 minutes in the BD group, and the end point of anesthesia in this group coincided with the peak effect of dexmedetomidine. However, the pain scores decreased till the 6th hour of ward stay or 7 hours after the end of the operation. If 20 min are added to account for the time required for anesthesia and block initiation, it means that the analgesic effect of causal dexmedetomidine peaked at 440 minutes in the recovery period.
In agreement with our findings, a number of other studies have shown that administering dexmedetomidine with bupivacaine has better analgesic and sedative effects than administering bupivacaine alone (21) (22) (23) , and one study has also shown that administering fentanyl with bupivacaine has better analgesic and sedative effects than bupivacaine alone (24) .
In one study, 0.25% bupivacaine (1 ml kg -1 ) with either 2 µg kg -1 dexmedetomidine or clonidine was used in pediatric lower abdominal surgery. Even though dexmedetomidine has eight times (25) more affinity for α 2 receptors than clonidine, no difference was observed in the efficiency of postoperative analgesia between these two agonists. However, the analgesic profile was significantly better with these additives than with bupivacaine alone (26) . In our study, the overall analgesia and sedation scores were generally less than 2, with the best sedation scores found in the BD group: the level of sedation decreased significantly in descending order of the BD, BF and B group. In supporting to these findings improved sedation and pain scores with dexmedetomidine have also been shown with intratechal administration of BD too (27) .
Motor block was not observed in any of the patients in our study. However, it has been shown that clonidine, which is also an α 2 agonist, has the ability to increase the time period and intensity of the motor block when it is intrathecally administered with bupivacaine for cesarean section (28). This is believed to be the result of α 2 adrenergic stimulation, which may augment the local anesthetic properties first by enhancing potassium efflux from neuronal A-delta and C-type fibers and then resulting in a depressed action potential; thus, the increase in the vasoconstrictory effect of α 2 agonists decreases the absorption of local anesthetic agents from the blocked area (29, 30) .
The motor block could be related to the type of agents used. For instance, in one study, administration of 0.1% ropivacaine (1 ml kg -1 ) and clonidine (2 µg kg -1 ) did not induce a motor block (31) . This may be due to the dilution effect on the local anesthetic agent in the caudal epidural space. In agreement with the results of our study, the study by She et al. also reported that the postoperative motor block was not augmented by the addition of dexmedetomidine (20) . Further, in a recent study, intrathecal administration of 0.5% bupivacaine (2.5 mL) + 10 µg dexmedetomidine was associated with significantly more efficient analgesia and motor block than intrathecal administration of 0.5% bupivacaine (5 mL) + 25 µg fentanyl (0.5 mL) (8) .
We expected to observe respiratory depression in the fentanyl-bupivacaine group, but respiratory depression was not observed during the postoperative period in any of our study groups. Similarly, it has been reported that the respiratory indices are similar in the BD group and B group (21, 26, 32) . In a study by Rathmell et al. it was found that caudal administration of BF did not have respiratory depressive effects (33) . Thus, the findings of these studies are in agreement with those of the present study (33) .
No hypotension or bradycardia was observed in our patients. In contrast, Al-Zaben et al. reported a 6.67% incidence of bradycardia in their study, which may be related to the dose of the drugs used and/or the type of surgery performed (22) . Wu et al. have also reported that using dexmedetomidine as an adjuvant for inducing neuroaxial anesthesia can cause bradycardia without profound hypotension (34) . However, in agreement with our present findings, a number of other studies (21, 24) have also reported that postoperative vomiting and nausea were not observed.
Similar to the results of the studies by Umarani et al. and Raval et al. (23, 35) , in our study, urinary retention was not observed. However, the Al-Zaben et al. study (22) reported a 3.44% incidence of urinary retention.
For caudal block, administration of 1 to 2 µg/kg of dexmedetomidine with bupivacaine prolongs the duration of analgesia without significant side effects and also reduces the onset time of sensory-motor block, the total dose of analgesics required and the chances of postoperative shivering. Delaying motor regression and need of first rescue analgesic. Prolonging the duration of sensory block and postoperative analgesia (36) as in our results.
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Conclusions
The results of our study show that administration of bupivacaine-dexmedetomidine was more beneficial than administration of bupivacaine-fentanyl or bupivacaine alone with regard to inducing analgesia and sedation in the group of 1-to 5-year-old children examined after elective inguinal hernia repair. No side effects, such as motor block, hypotension, bradycardia, pruritis, urinary retention and nausea and vomiting, were observed in our study groups.
Limitations
The patients were admitted to different wards in the children's hospital, which may have caused a bias in their postoperative follow-up and evaluation findings. Moreover, we did not anticipate or record the onset time of analgesia after the application of the caudal block.
Recommendations
Although a number of studies have investigated the effects of caudal block with bupivacaine and dexmedetomidine, none of these studies ran comparisons with a third group (like the bupivacaine-fentanyl group in this study).
